Aims. Survival rates for cardiac arrest in acute medicine are higher following outof-hospital restoration of spontaneous circulation (OH-ROSC). However, data pertaining to OH-ROSC is limited in the elderly population. We aimed to assess the predictors of neurological outcome among elderly patients with OH-ROSC.
Introduction
In a nationwide Japanese study on the elderly population, the 1-month survival rate was 6.9%, with only 2.8% achieving favorable neurological outcomes after sudden out-of-hospital cardiac arrest (OHCA). (1) Out-of-hospital cardiac arrest is associated with a high mortality rate, making it an important public health concern. However, advancements in care after restoration of spontaneous circulation (ROSC) have been demonstrated to increase survival and ameliorate neurological outcomes; this is not only for ventricular fibrillation (VF) but also for pulseless electrical activity (PEA)/asystole. (2) Moreover, the survival rates after post-ROSC care are higher with out-of-hospital ROSC (OH-ROSC) than without OH-ROSC. (3) (4) (5) Although resuscitation efforts should focus on achieving OH-ROSC, little is known about elderly patients that arrive at the emergency department (ED) after achieving OH-ROSC. (6) (7) (8) Encountering an increased incidence of OHCA in the elderly, emergency physicians urgently need improved prehospital resuscitation approaches and updated information. This study aimed to assess the predictors of good neurological outcomes among elderly patients with OH-ROSC after sudden cardiac arrest at a tertiary emergency center.
Methods
Hospital and setting A retrospective, observational study was conducted at the ED of Tokyo Medical 
Patients
The present study included all patients aged 65 years and older who achieved OH-ROSC before arrival at the ED. Therapeutic hypothermia was available at the study center. We excluded patients with a Glasgow Coma Scale (GCS) score of 15, trauma, intracranial hemorrhage (i.e. subarachnoid hemorrhage or intracranial hematoma), or terminal diseases. We also excluded patients with ongoing or relapsed cardiac arrest on arrival, despite earlier OH-ROSC.
According to our standard practice, therapeutic hypothermia was applied to comatose patients with GCS ≤8, regardless of the initial rhythms. The application in patients with a risk of bleeding or severe shock was at the discretion of the emergency physicians treating the patient. Hypothermia was initiated using circulating water blankets, with a target temperature of 33 ± 0.5 ºC maintained for 24 h. Sedation was induced by intravenous midazolam and fentanyl with dose adjustments as needed. Paralysis was induced with pancuronium to prevent shivering during therapeutic hypothermia. Furthermore, all patients received standard post-resuscitation care. Sedation was stopped after rewarming, except for those patients requiring further intensive care.
Data collection
The following patient characteristics were retrieved from charts and electrocardiograms: age, sex, medical history, first recorded electrical rhythm by emergency medical service (EMS) or bystander, whether OHCA was witnessed by a bystander, whether a bystander performed cardiopulmonary resuscitation (CPR), resuscitation duration, whether EMS or bystander defibrillation was attempted, and any relevant outcomes. On arrival at the ED, the following were immediately evaluated: GCS (specifically motor response), blood pressure, body temperature, and blood samples. Hematological samples were sent for hemoglobin, hematocrit, potassium, sodium, creatine phosphokinase (CPK), GCS sum score and particularly important for prognosis, we specifically quantified the motor response of GCS. (16) All patients were examined using the cerebral performance category (CPC) score, 3 months after their OHCA and were classified into either favorable outcome (CPC = 1-2) or unfavorable outcome (CPC = 3-5). (17) Statistical analysis Data from all eligible patients were analyzed. SPSS Statistics version 21 (IBM Japan, Tokyo, Japan) was used for statistical analysis. Statistical significance was indicated by p ≤ 0.01.
Continuous variables are shown as median values with interquartile ranges.
Intergroup differences were statistically assessed using the Mann-Whitney U test for continuous variables and the Fisher exact test for categorical variables.
Categorical variables were calculated as ratio (%) of the frequency of occurrence.
Logistic regression analysis was used to model the outcome as a function of collateral score, and covariates were selected using backward selection methodology. Baseline variables potentially associated with an outcome (P < 0.01) were considered for inclusion in the model. The sensitivity, specificity, and positive likelihood ratio at various characteristic cut-off points were calculated, based on analysis of receiver operating characteristic (ROC) curves and the maximum Youden index (J = sensitivity + specificity -1) determined for each ROC curve.
Results
Fifty-five patients presenting with OH-ROSC and admitted to our intensive care unit (ICU) were included. Twenty-one patients had favorable neurological outcomes and 34 had unfavorable outcomes. Table 1 compares the baseline characteristics of these patients. Favorable outcomes were significantly associated with the following: lower lactate levels; fewer patients with initial PEA/asystole rhythms, and GCS ≤8; and shorter resuscitation durations. Furthermore, favorable outcomes were significantly associated with the following: initial VF rhythm; higher GCS motor response; and higher base excess, and pH. In logistic regression analysis, GCS motor response [odds ratio (OR), 1.8; 95% confidence interval (CI), 1.2-2.7; p < 0.01] and lactate levels [OR, 1.0; 95% CI, 0.9-1.0; p < 0.01] were independent predictors of favorable neurological outcomes.
SIGNA VITAE 2015; 10(1): 53 -63 Figure 1 shows the ROC curves for the predictive factors of neurological outcomes. The areas under the ROC curve (AUC) for a favorable neurological outcome were 0.82 (95% CI = 0.70-0.94, p < 0.01) for lactate level and 0.74 (95% CI = 0.60-0.88, p < 0.01) for motor response on GCS. We therefore used these values to generate sensitivity and specificity values for the lactate cut-off levels shown in table 2. At ED arrival, lactate levels above 70 mg/dL (7.8 mmol/L) and a GCS motor response ≤3 were predictors of unfavorable neurological outcome.
Discussion
Our findings offer important information for predicting post-resuscitation outcomes that can support the development of future policies. We demonstrated that key variables differed significantly between elderly patients with favorable and unfavorable outcomes and lactate levels and GCS motor responsiveness measured immediately at ED arrival were associated with favorable outcomes.
Analyses of the ROC curves suggested that, at ED, lactate levels of 70 mg/dL (7.8 mmol/L) and a GCS motor response of 3, were the most suitable cut-offs for the prediction of neurological outcomes; none of our elderly patients with levels above these had favorable neurological outcomes.
Serum lactate is well known as a clinical biomarker of tissue hypoperfusion and lactate levels measured at the EDs are associated with high mortality in patients with circulatory shock, trauma and infections. (18, 19) They are also associated with mortality and morbidity in elderly with and without infections. (20) This study has additional limitations. The first and most notable is the small study cohort. It is well known that the overall survival rate is very low in elderly populations, therefore resulting in lower OH-ROSC rate. (1) Second, accurate determination of the electrical rhythms of victims with ROSC prior to the arrival of the paramedics at the scene is difficult. Third, we only obtained clinical data for the patient's arrival at the ED and did not obtain records for the postresuscitation care in the ICU. Serum biomarkers such as S-100, neuron-specific enolase, or evoked N20 response seem reliable predictors of neurological outcomes. (28, 29) However, these values are most accurate over 24 h after resuscitation and are thus unsuitable for the emergency setting. Fourth, we limited the study endpoint to neurological outcomes 3 months after OHCA. Long-term follow-up of the survivors was not conducted. Finally, our study sample was a small younger population, which had insufficient statistically power compared with the elderly populations.
SIGNA VITAE 2015; 10(1): 53 -63
Conclusion
Lactate levels and GCS motor response measured immediately at ED arrival are likely to be useful to assess the neurological outcomes among elderly patients with OH-ROSC. Larger studies are essential to evaluate the prognostic factors that can predict neurological outcomes and to determine reliable cut-off parameters for elderly populations with OH-ROSC following sudden cardiac arrest. Table 2 . Sensitivity and specificity of initial lactate cut-off points to predict a favorable neurological outcome using the respective receiver operating characteristic curve.
